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The present study evaluates variations among flaxseed varities in terms of fatty acid composition, phytochemical
profile, and antioxidant activity determined by oxygen radical absorbance capacity (ORAC), 2,2-Diphenyl-1-pic-
rylhydrazyl (DPPH) and ferrous ion reducing antioxidant power (FRAP) assays. Significant variations in fatty acid
composition, phenolic acids and lignan were observed in flaxseed varieties from different countries. Among them,
unsaturated fatty acids accounted over 4/5 of total fatty acid content. The highest ratio of linolenic acid of total
fatty acid was observed in USPEA, whereas the lowest one was found in Yexiao. USPEA showed the highest
content of total phenolics, as well as flaxseed lignan. In general, total phenolics appeared to be the main con-
tributors of antioxidant capacity of flaxseed, which presented significant positive correlation. Our study revealed
that both cultivar and origin of seed significantly affected fatty acid composition, phenolic acids, lignans and
subsequent antioxidant activity of flaxseed. These results provided new aspects of breeding resources of flaxseed
cultivars by presenting their quality specification and possible commercial value.1. Introduction
Flax (Linum usitatissimum L.) originated from Mesopotamia and has
been cultivated since 5,000 B.C. (Carraro et al., 2012). The original
purpose of flax was for fabrication of cloths and paper, later it was also
used for oil, andmore recently it has been increasingly used for medicinal
purposes and nutritional products (Singh et al., 2011). Flaxseed oil is one
of the richest plant sources of unsaturated fatty acids, especially
alpha-linolenic acid (C18:3, ALA) (Bhatty, 1995). In addition to ALA,
flaxseed provides substantial amounts of phenolic compounds including
lignans and phenolic acids (Eliasson et al., 2003). The beneficial effect of
flaxseed and its bioactive components have been extensively investigated
over the past years, including reducing risk of cardiovascular diseases,
hormone-dependent cancers, and osteoporosis (Ezzat et al., 2018; Parikh
et al., 2018; Toure and Xu, 2010).
Flaxseed is one of the most widely cultivated crops in the world and
its area of production continues to increase. In 2018, world production of.
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).flaxseed was 3.18 million tones, with the highest production in
Kazakhstan (29% of the global total), followed by Canada, Russia, and
China (FAOSTAT, 2020). Fiber flax and oil flax are two main types
cultivated worldwide. Studies have showed that cultivar and environ-
mental conditions of planting area were important factors that influenced
biochemical compositions of flaxseed, including fatty acids, mineral el-
ements and phenolic compounds, affected different nutritional values of
seed (Wang et al., 2017; Xing et al., 2014; Zhang et al., 2016). Zhang
documented the strong influence of interaction of genotypes and
ecological environments on fatty acid composition in flaxseed from China
(Zhang et al., 2016). Genome-wide association analysis (GWAS) of 224
flaxseed fatty acid content suggested that 16 SNP loci were significantly
associated with seed fatty acid oil content (Xie et al., 2019). Moreover,
differential transcriptional activity of desaturase genes including SAD1,
FAD2 and FAD3 could contribute to various linolenic acid accumulation
(Rajwade et al., 2014). A similar effect of cultivar genotype and envi-
ronment interaction on oil characteristics was also observed in flaxseed020
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that fiber flaxseeds could also provide considerable phytochemicals as oil
flaxseed varieties among six flaxseed varieties from China (Wang et al.,
2017). These studies focused on flaxseed varieties from the same country;
little information on comparing different varieties of flaxseed from
different countries worldwide has been reported. Wild flaxseed has also
not received much attention in its potential contribution to breeding
programs after characterization of nutritional content.
2. Materials and methods
2.1. Materials and chemicals
Accept for Acetonitrile, which was purchased from the ANPEL Sci-
entific Instrument Co., Ltd (Shanghai, China), all other chemicals and
regents were purchased from Sigma Aldrich (St. Louis, MO, USA). Four
varieties of flaxseed including Zhongya 3, Ariane, Yexiao and USPEA
were supplied by the Institute of Bast Fiber Crops, Chinese Academy of
Agricultural Sciences (Changsha, China). They were plated at Experi-
mental Station of the Institute of Bast Fiber Crops in Dali, Yunnan
Province, China under the regular agronomic conditions from 2014 to
2016. Mean annual temperature and total rainfall were 15.67C and
5,286 mm, respectively. Field management followed normal production
practices. Among these varieties, Zhongya 3 and Ariane are fibrous
flaxseeds, originating from China and France, respectively. While USPEA
and Yexiao belong to oil flaxseed varieties, which individually come from
America and China, respectively.
2.2. Analysis of oil and fatty acid composition
Oil content was measured using the Soxhlet extractor method (AOCS,
1997). Fatty acid composition was determined by gas chromatograph
(Agilent 6890N with flame ionization detection) after derivatization to
fatty acid methyl esters (Ackman, 2002). Each fatty acid was expressed as
a percentage of total fatty acids.
2.3. Phenolics extraction and determination
Phenolics extraction of each sample was performed as described
previously (Wang et al., 2015). Free phenolics were extracted with
chilling 80% (V/V) acetone, concentrated and brought up to 10 mL in
deionized water. Residue from free phenolic extractionwas digested with
sodium hydroxide, followed by extracting with ethyl acetated, evapo-
rated the solvent, and then reconstituted in 10 mL deionized water.
Phenolic content was determined using the Folin-Ciocalteu method with
a slight modification as described (Chen et al., 2015; Singleton et al.,
1999).
2.4. Phytochemical profile analysis
The main phytochemical compounds, including phenolic acids and
lignans, were identified and quantified by HPLC-PAD analysis using a
Waters series system equipped with C18 column (4.6 mm  250 mm, 5
μm) as previously described (Wang et al., 2017). Absorbance monitored
for phenolic acids was 323 nm, for lignans was 280 nm. Quantification of
phytochemicals was performed by comparison with authentic standards.
Results were expressed as μg per gram sample.
2.5. Antioxidant activity
The in vitro antioxidant activity of flaxseed varieties was deter-
mined by three complementary methods, 2,2-Di(4-tert-octylphenyl)-1-
picrylhydrazyl (DPPH) free radical scavenging activity (Brand-Williams
et al., 1995), ferric reducing antioxidant power (FRAP) (Benzie and
Strain, 1996), and oxygen radical absorbance capacity (ORAC) (Huang
et al., 2002; Wang et al., 2016) assay, as previously reported. Trolox137was used as standard and results were calculated by comparing with
standard curve and expressed as μmol trolox equivalent (TE) per gram
sample.
2.6. Statistical analysis
Data were expressed as mean  standard deviation (SD) for at least
three replicates. Analysis of variance (ANOVA) and Ducan’s multiple
comparison were performed using SPSS for Windows V. 21.0 (SPSS Inc.,
Chicago, IL). A P value less than 0.05 was regarded as statistically sig-
nificant. Dose-effect analysis was performed using Calcusyn software V.
2.0 (Biosoft, Cambridge, U.K.).
3. Results
3.1. Biometrical and morphological characteristics
Four varieties of flaxseed, originating from different countries,
including one wild flaxseed type were selected. Their biometrical and
morphological characteristics were presented in Table 1. Generally, the
fiber characteristics, such as greater plant height, less numbers of seed
per capsule, and higher fiber yield were observed in Zhongya 3 and
Ariane. Flaxseeds were predominantly glossy brown, except the yellower
Yexiao, a wild flaxseed with the lowest seed yield, 491.07 kg/ha. Seed
yield of other varieties ranged from 1,203.27 to 1,912.57 kg/ha, and the
peak value was found in oil flaxseed USPEA.
3.2. Total oil content and fatty acid composition
Flaxseed has been known as a good source of oil with significant
proportion of highly unsaturated fatty acid content. In general, results
showed notable variations among these varieties of flaxseed in total oil
content and fatty acid composition (Table 2). Oil flaxseed USPEA had the
highest oil content (37.37%). Oil contents obtained from fibrous flaxseed
varieties i.e. Ariane and Zhongya 3 were lower than oil flaxseed USPEA.
However, the lowest one was found in Yexiao (30.07%), a wild oil
flaxseed.
Five major fatty acids were identified and quantified (Table 2), with
the most abundant linolenic acid (almost half of the total fatty acids),
followed by oleic acid (19.56% to 24.33%) and linoleic acid (12.80% to
15.01%), all of these are unsaturated fatty acid (UFA). Significant dif-
ferences in values of UFA among flaxseed varieties were observed,
ranging from 84.00% to 89.50% for Yexiao and Ariane, respectively. It
was noteworthy that UFAwere higher in fibrous flaxseed, leading to their
lower ratio of saturated fatty acid (SFA) to UFA. The highest SFA/UFA
ration was observed in wild flaxseed Yexiao (0.19), followed by oil
flaxseed USPEA (0.15).
3.3. Total phenolic content and phytochemical profiles
Contents of free and bound phenolics, expressed as milligrams of
gallic acid equivalent per 100 grams of sample (mg GAE/100 g) were
showed in Table 3. The highest content of total phenolics was observed
in USPEA (389.65), followed by Zhongya 3 and Yexiao, while Ariane
was the lowest one (69.20). Results of free phenolics were similar to
those of total phenolic content. USPEA showed the highest content,
320.45 mg GAE/100 g, accounting for 82.2% of total phenolics. Ariane
had the lowest free phenolics, 130.87 mg GAE/100 g, making the
lowest contribution to total phenolic content (55.6%). Regarding the
bound phenolics, however, the highest value was found in Zhongya 3,
120.62 mg GAE/100 g, and the lowest one was USPEA, 69.20 mg GAE/
100 g.
As for phenolic acids, ferulic acid was the predominated one, fol-
lowed by caffeic acid and p-coumaric acid. Bound p-coumaric acid and
ferulic acid markedly outweighed the free ones, although bound caffeic
acid accounted for more than 40% of total caffeic acid in all varieties.
Table 1
Biometrical and morphological characteristics of flaxseed varieties used in this study.
Characteristics Zhongya 3 Ariane USPEA Yexiao
Snaps
Native background China France America China
Type Fiber Fiber Oil Oil
Growth period (day) 180.6  1.53ab 178.3  2.08a 183.0  1.00b 190.0  1.73c
Plant height (cm) 103.0  1.40c 100.2  1.51c 69.50  1.48b 50.57  2.47a
Thousand seeds weight (g) 4.160  0.04b 4.320  0.09b 5.360  0.09c 1.940  0.12a
Seed yield (kg/ha) 1226.2  93.69b 1384.1  46.2c 1974.3  115.1d 433.7  22.27a
Fiber yield (%) 0.230  0.01c 0.220  0.02c 0.160  0.01b 0.110  0.01a
Notes: Values in the same line with different letters indicate significant differences at P < 0.05.
Table 3
Total phenolics and phytochemical profile in flaxseed varieties.











Free 237.20  130.87 320.45  239.37
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(13.06 μg/g), whereas lowest content of p-coumaric acid and ferulic acid
(10.59 and 46.98 μg/g, respectively) were calculated in USPEA (Table 3).
As for lignans, elevated level of SDG was documented in the bound
fraction of flaxseed ranging from 61.98 to 106.16 μg/g, while free SDG
was only obtained in USPEA and Yexiao varieties. The highest con-
centration of total SDG content was found in oil flaxseed varieties,
including USPEA and Yexiao (144.66 and 129.51 μg/g, respectively),
compared to fibrous flaxseed. SECO, a glycone of SDG, prevailed in the
free form of flaxseed extracts (Table 3). The highest content of total
SECO was observed in USPEA (243.69 μg/g), whereas other flaxseed
varieties showed comparable SECO content, ranging from 76.54 to


































Antioxidant activity in the free and bound fraction of flaxseed vari-
eties was determined by DPPH, FRAP, and ORAC assays (Table 4).
ThehighestDPPH free radical scavenging capacitywas obtained in bound
and free fractions of Zhongya 3 with the value of 3.91 and 4.49 μmol TE/g
respectively, whereas the lowest DPPH values for bound and freeTable 2
Major fatty acid composition (%) in four flaxseed varieties.
Fatty acids Zhongya 3 Ariane USPEA Yexiao










5.14  0.01a 5.47 
0.01b






































SFA 12.5  0.02b 10.5 
0.02a
13.0 0.02c 16.0 
0.01d






SFA/UFA 0.14 0.12 0.15 0.19
Notes: Values of fatty acid (% total fatty acids) in the same line with different
letters indicate significant differences at P< 0.05. SFA means saturated fatty acid
and UFA means unsaturated fatty acid.
138phytochemicalswere found inUSPEAandArianeat 0.23and2.01μmolTE/g,
respectively.
Free fractions of flaxseed varieties exhibited high FRAP value
compared to bound fractions. In the free fractions, FRAP values ranged





























































































Notes: Data in the same line with different letters indicate significant differences
at P < 0.05. “nd” means not detected. SDG means secoisolarisiresinol digluco-
side. SECO means secoisolariciresinol.
Table 4
Antioxidant activities (μmol TE/g) in four flaxseed varieties.
Antioxidant
activity
Zhongya 3 Ariane USPEA Yexiao
DPPH Bound 3.91  0.81d 1.98  0.05c 0.23  0.03a 1.02  0.14b
Free 4.49  0.90c 2.01  0.31a 3.03 
0.54ab
3.20  0.24b
Total 8.40  1.60b 3.99  0.33a 3.25  0.54a 4.23  0.38a














































Notes: DPPH means 2,2-Diphenyl-1-picrylhydrazyl free radical scavenging ac-
tivity. FRAP means ferric reducing antioxidant power. ORAC means oxygen
radical absorbance capacity. Values of antioxidant activities expressed as μmol
TE/g in the same line with different letters indicate significant differences at P <
0.05.
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highest FRAP value of 26.22 μmol TE/g, while lowest level was calcu-
lated for USPEA (3.49 μmol TE/g). On the whole, Ariane and USPEA
depicted the highest and lowest FRAP values in bound fractions,
respectively. Zhongya 3 showed the maximum ability of inhibit ferric ion
potential in free fraction. Finally, higher total FRAP values were found in
both Zhongya 3 and Ariane, which was almost double than the lowest
one found in USPEA (32.22 μmol TE/g).
Oxygen radical absorbance capacity (ORAC) was also found higher in
free fractions of flaxseed varieties, as it ranged from 21.08 to 23.61 μmol
TE/g in bound fractions and from 16.24 to 67.08 μmol TE/g in free
fractions. The highest free ORAC value was calculated for free fraction of
USPEA cultivar (67.08 μmol TE/g), which also had maximum total ORAC
contents (88.16 μmol TE/g). The lowest free ORAC value was obtained in
Ariane, which could be attributed to lower concentration of phyto-
chemicals (Table 3).
Relationship between content of phenolic compounds and antioxi-
dant activity of flaxseed extract was obtained using Person’s correlation.
High correlation coefficients were found between DPPH, FRAP and
ORAC values and contents of total phenolics and caffeic acid (P < 0.05,
Table 5). Besides, contents of ferulic acid and SECO were positively
correlated with ORAC values (R2 ¼ 0.634, P < 0.05; R2 ¼ 0.878, P <
0.01).
4. Discussion
This study compared fatty acid, phytochemical profile andTable 5
Pearson correlation between phytochemicals and antioxidant activities.
Variables DPPH FRAP ORAC
Total phenolics 0.681* 0.682* 0.946**
Caffeic acid 0.744** 0.821** 0.721**
Coumaric acid 0.252 0.235 0.477
Ferulic acid 0.355 0.053 0.634*
SDG 0.060 0.085 0.456
SECO 0.184 0.193 0.878**
Notes: DPPH means 2,2-2,2-Diphenyl-1-picrylhydrazyl free radical scavenging
activity. FRAP means ferric reducing antioxidant power. ORAC means oxygen
radical absorbance capacity. * and ** mean significant differences at P < 0.05
and P < 0.01 level, respectively.
139antioxidant activity of flaxseed varieties originating from different
countries including a wild relative. This research suggested considerable
variation among flaxseed varieties of different geographical origin
growing under the same climatic condition.
Oil content of USPEA was 37.37%, which comparable to other oil
flaxseed varieties reported from China (Zhang et al., 2016), and higher
than that of fibrous flaxseeds including Arian and Zhongya 3 (Table 2).
Yexiao is a wild oil flaxseed without improvement which might explain
its lowest oil content, less than 19.5% of that of USPEA. As to fatty acid
composition, our results were in agreement with previous studies
reporting the distribution of five major fatty acid contents in flaxseed
from China (Zhang et al., 2016; Zou et al., 2017) and Pakistan (Yaqoob
et al., 2016). These researches suggested that oil content and fatty acid
composition were primarily depended on variety, but also ecological
environment, as reported in almond cultivated in Serbia (Yaqoob et al.,
2016). Besides, significant differences did not observed between fibrous
and oil flaxseed varieties, except for a slightly higher ratio of SFA/UFA in
oil flaxseed varieties.
Results of free and bound phenolic contents indicated considerable
variation among different flaxseed varieties. Bound phenolics usually
linked with cell wall material that may released by intestinal microflora
during colonic digestion to play a role in health benefits (Adom and Liu,
2002). In general, contribution of free phenolics to total phenolic content
was higher than bound phenolics in all four varieties, accounting for
55.7%–82.2%. These findings were in accordance with previous results
from different flaxseed varieties with the value of 55.3% in Shuangya 12
and 76.5% in Longya 10 (Wang et al., 2017). Lower content of phenolics
in flaxseed varieties from India was reported, with the values from 61.76
to 85.24 μg GAE/g sample, whichmight be explained by underestimation
of bound phenolics and different methods of extraction except for ge-
notype and agronomic conditions (Kaur et al., 2017).
Three phenolic acids and two flaxseed lignans were identified in
flaxseeds from different countries (Table 3). Similar to total phenolic
content, clear differences were noted in phytochemical profile. Contents
of p-coumaric acid, ferulic acid and SDG were higher in bound fractions
than those in free fractions. Evidences have shown that phenolic acids
mostly existed in bound fraction of grains, especially ferulic acid and p-
coumaric acid (Adom and Liu, 2002; Multari et al., 2018; Okarter and
Liu, 2010).
Flaxseed is one of the richest dietary sources of lignan (Milder et al.,
2005), a class of diphenolic compound, which widely existed in plant
kingdom. In the present study, two kind of lignan compounds: secoiso-
larisiresinol diglucoside (SDG) and secoisolariciresinol (SECO) were
identified in extracts of different flaxseeds (Table 3). Measured values of
SDG, however, were relatively lower than previous reports (Johnsson
et al., 2000; Lorenc-Kukula et al., 2005), potentially explained by vari-
ations in growing conditions and extraction method. Nevertheless,
comparable SDG content was reported in flaxseed varieties using similar
extraction method (Wang et al., 2017). The attentive observation of
flaxseed lignan suggested that USPEA was rich in SDG and SECO, indi-
cating its potential as a good breeding parent for accumulation of flax-
seed lignan. It was also interesting that SDG content in wild Yexiao was
comparatively higher than Zhongya 3 and Ariane, also suggesting that
this wild type could be a good candidate for phytochemical resource.
Antioxidant activity is a multiple reaction according to different free
radicals or oxidant sources. Thus, no single assay can reflect all radical
sources or antioxidants in a complex system. In general, potent variability
of antioxidant activities based on different assay methods was observed
in flaxseed varieties (Table 4). DPPH is a well-known organic nitrogen
radical, which could be used to measure either electron transfer or
hydrogen atom transfer of antioxidant compounds (Xie and Schaich,
2014). FRAP method determines reduction of ferric 2,4,6-tripyridyl--
s-triazine (TPTZ) to a colored product based on single electron transfer
mechanism (Prior et al., 2005). ORAC assay is based on hydrogen atom
transfer mechanism to detect antioxidant protection of fluorescence
damaged by peroxyl radical (Prior et al., 2003). Most studies showed that
C. Qiu et al. Oil Crop Science 5 (2020) 136–141antioxidant capacity was associated with phenolic composition of plant
extracts (Kwee and Niemeyer, 2011; Wang et al., 2016). Total DPPH and
FRAP contents were 3.25–8.40 and 32.22–61.65 μmol TE/g respectively,
which were higher than the reported values in methanol-water extracts
of flaxseed cultivated in North and Northwest China (1.47–1.77 μmol
TE/g for DPPH and 3.20–3.92 μmol TE/g for FRAP, respectively) (Deng
et al., 2018).Total ORAC values ranged from 38.43 to 88.16 μmol TE/g,
which is little lower than previous reports in selected Chinese flaxseed
varieties (67.47 to 107.16 μmol TE/g) by Wang (Wang et al., 2017).
Higher antioxidant activities were found in Zhongya 3 and USPEA, which
were positively associated with phenolics and other phytochemicals
(Tables 3 and 4). The dissimilarities showed in different antioxidant
methods might be explained by variation of type and proportion of
antioxidant compounds detected by different antioxidant activity assays.
These results indicated that flaxseed varieties originating from different
counties have the potential to be good sources of different antioxidant
compounds according to different free radicals or oxidants.
Therefore, comparison and characterization of flaxseed varieties from
different countries will be helpful to provide new breeding resources of
flaxseed by presenting their quality specifications and possible com-
mercial values.
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